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(57)Abstract: 

PURPOSE: To obtain the subject microporous film having a high strength and a moderate 
pore diameter by kneading and melting a mixture of ultrahigh-molecular weight polyethylene 
with inorganic fine powder and a specific plasticizer, molding the mixture into a sheetlike 
shape, extracting and removing the additives, drying the sheet and uniaxially drawing the 
dried sheet. 

CONSTITUTION: A mixture of ultrahigh-molecular weight polyethylene having >2000000 
viscosity-average molecular weight with inorganic fine powder and a plasticizer is molded into 
a sheetlike form while being kneaded and thermally melted. The inorganic fine powder and 
the plasticizer are respectively extracted and removed and the resultant sheet is dried and 
then drawn only in one axial direction to produce a microporous film. In the process, a mixed 
plasticizer of two kinds having 7.5-8.4 SP value and 8.5-9.5 SP value of plasticizers is used 
and the plasticizer having the 7.5-8.4 SP value is used in an amount of 10-150% based on the 
weight of the polyethylene to afford the objective microporous film having >40% porosity, < 
450sec/100cc air permeability, >4000kg/cm2 modulus of elasticity in the machine direction, > 
400% breaking elongation in the direction perpendicular to the machine direction, 2-10kg/cm2 
bubble point in ethyl alcohol and <1.6 ratio of the maximum pore diameter to the average pore 
diameter. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the fine porosity film which has the three-dimensional network which viscosity average 
molecular weight becomes from the ultra high molecular weight polyethylene which is 2 million or 
more. For 40% or more and air permeability, the elastic modulus of 450sec(s) / 100 cc or less, and the 
direction of a machine is [ porosity ] 4000kg/cm2. Above, a bubble point [ in / in whenever / breaking 
extension / of the direction of a machine, and the direction of a right angle / 400% or more and ethyl 
alcohol ] - 2kg/cm2 - 10kg/cm2 it is - homogeneous fine porosity film [claim 2] made from ultra high 
molecular weight polyethylene with which the ratio of an average aperture and the maximum aperture is 
characterized by being 1 .6 or less While viscosity average molecular weight carries out kneading / 
heating fusion of the mixture of the ultra high molecular weight polyethylene which is 2 million or 
more, non-subtlety fine particles, and a plasticizer, after fabricating in the shape of a sheet, In the 
manufacture approach of extract-removing, and drying non-subtlety fine particles and a plasticizer, 
respectively, extending only to 1 shaft orientations, and obtaining the fine porosity film SP value of this 
plasticizer uses at least two kinds of mixed plasticizers of 7.5-8.4, and 8.5-9.5. And SP value is 
characterized by the amount of plasticizers of 7.5-8.4 being this 10% - 150% of polyethylene weight. 
For 40% or more and air permeability, the elastic modulus of 450sec(s) / 100 cc or less, and the 
direction of a machine is [ porosity ] 4000kg/cm2. Above, a bubble point [ in /, in whenever / breaking 
extension / of the direction of a machine and the direction of a right angle / 400% or more and ethyl 
alcohol ] - 2kg/cm2 - 10kg/cm2 it is — the manufacture approach of the homogeneous fine porosity film 
made from ultra high molecular weight polyethylene that the ratio of an average aperture and the 
maximum aperture is 1.6 or less 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the fine porosity film which consists of ultra high 
molecular weight polyethylene. Especially this invention relates to the fine porosity film made from 
polyethylene of the homogeneous ultrahigh molecular weight which has a three-dimensional network. 
[0002] 

[Description of the Prior Art] The fine porosity film is used as the separator, a separator, a membrane 
filter for electrolytic capacitors, etc. for cells. The separator and the separator for electrolytic capacitors 
for cells are expected the strong and homogeneous fine porosity film from the point of the assembly 
workability of a cell and an electrolytic capacitor, and dependability, and the fine porosity film with 
small electric resistance is especially demanded of the separator for nonaqueous electrolyte cells, such as 
a lithium cell, homogeneously [ it is strong and ]. 

[0003] Moreover, the membrane filter is expected the strong and homogeneous fine porosity film with a 
moderate aperture. In order to manufacture the strong fine porosity film, in the approach of porosity - 
izing with resin and a solvent, how to use and extend the polyethylene of ultrahigh molecular weight can 
be considered. For example, although it is high intensity, since the diameter of an average through tube 
is small, when it is not not only suitable as a membrane filter which filters a lot of water, such as a water 
purifier, but uses as a separator for cells, the impregnating ability of the electrolytic solution is bad [ it is 
indicated by JP,60-24203,A, and ]. Moreover, a shaping sheet contracts sharply by plasticizer extract, 
and in order to have to carry out biaxial extension, at least, the elongation after fracture of an one 
direction is small, and is considered that the assembly workability of a cell is bad. 
[0004] Furthermore, in order to have used as a separator of a lithium cell since thickness was thin as 
indicated by JP, 60- 136 161, A, there was a problem from the point of safety. Moreover, although the 
manufacture approach of the fine porosity film with comparatively thick thickness which consists of 
ultra high molecular weight polyethylene is indicated by JP,63-273651,A, and it is high intensity 
similarly, a moderate aperture does not have, and permeability is small and it is not suitable as a 
membrane filter which processes a lot of water etc. 

[0005] As the manufacture approach of other fine porosity film, there is the approach of carrying out 
extract removal and porosity-izing a plasticizer or a plasticizer, and a bulking agent after the phase 
separation of the mixture which consists of resin, a plasticizer, and a bulking agent, for example, it is 
thought that it is thought that the fine porosity film formed according to a common procedure and a 
common ingredient has high electric resistance, namely, its transparency resistance of water etc. is also 
high, a moderate aperture does not have and it is not suitable at least as a membrane filter, and it is not 
suitable for a separator since electric resistance is high as it is indicated by the detail in the letter, 
although it is JP,55-165573,A. 

[0006] Furthermore, although there are JP,45-32097,B, JP,2-94356,A, etc., in any, viscosity average 
molecular weight is not indicated about the manufacture approach of 2 million or more fine porosity 
film made from ultrahigh molecular weight. This is because fabrication became difficult and 
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manufacture of the fine porosity film was completed up by the general approach, as it became ultrahigh 
molecular weight. 

[0007] Moreover, if the fine porosity film which consists of mixture of ultra high molecular weight 
polyethylene and the amount polyethylene of giant molecules generally becomes mixture so that it may 
be compared by JP,60-242035,A and JP,3-105851,A, although JP,57-49629,A, JP,2-21559,A, etc. are 
indicated, fabrication nature will improve, but the strength of the fine porosity film is not a desirable 
approach, in order to fall remarkably and to obtain the strong fine porosity film. 
[0008] 

[Problem(s) to be Solved by the Invention] Although high intensity-ization is attained by using the 
polyethylene of ultrahigh molecular weight, the separator for lithium cells which needs the membrane 
filters and safeties for abundant water filtration etc. is expected the fine porosity film which has a 
moderate aperture and has whenever [ moderate breaking extension ] crosswise (the direction of a 
machine, and the direction of a right angle). However, the expected fine porosity film was not obtained 
from problems, such as lowness of the workability of ultra high molecular weight polyethylene. 
[0009] 

[Means for Solving the Problem] In the fine porosity film made from polyethylene of ultrahigh 
molecular weight, this invention person was high intensity, it has a moderate aperture, and found out the 
homogeneous fine porosity film and its manufacture approach, and completed this invention. Namely, 
this invention is fine porosity film which has the three-dimensional network which viscosity average 
molecular weight becomes from 2 million or more ultra high molecular weight polyethylene. For 
porosity, the elastic modulus of 40% or more, air permeability 450sec / 100 cc or less, and the direction 
of a machine is 4000kg/cm2. Above, a bubble point [ in / in whenever / breaking extension / of the 
direction of a machine, and the direction of a right angle / 400% or more and ethyl alcohol ] — 2kg/cm2 - 
10kg/cm2 it is ~ it is the homogeneous fine porosity film made from ultra high molecular weight 
polyethylene characterized by the ratio of an average aperture and the maximum aperture being 1 .6 or 
less. 

[0010] As polyethylene as used in the field of this invention, viscosity average molecular weight is 2 
million or more, and the copolymer of the crystalline homopolymer or ethylene which carried out the 
polymerization of the ethylene, and the propylene not more than 10 mol %, 1-butene, 4-methyl-l- 
pentene and 1-hexene is raised. Resin has the network structure in three dimensions, and a three- 
dimensional network means the structure where between the network structures of the resin forms the 
hole as a free passage hole. 

[001 1] When it uses as a separator for cells, as for porosity, it is desirable from a viewpoint of the 
impregnating ability of the electrolytic solution, and the internal resistance of a cell that it is 40% or 
more, and it is desirable that it is 50 more% or more. If porosity becomes 85% or more, the 
reinforcement of the fine porosity film will fall and handling top fault will be produced, air permeability 
- 450sec / 100 cc or less — desirable - 300sec(s)/- 100 cc or less is 200sec(s) / 100 cc or less still more 
preferably. When the internal resistance of a cell becomes high too much, and a cell property is reduced, 
when air permeability uses as a separator for cells in 450sec(s) / 100 cc or more, and it uses as a 
membrane filter, filtration effectiveness becomes [ permeability ] low bad. 

[0012] the elastic modulus of the direction of a machine (longitudinal direction) — 4000kg/cm2 the 
above — desirable — 5000kg/cm2 the above — further — desirable — 6000kg/cm2 it is . It is 4000kg/cm2 
when it uses as a separator for cells. Below, it is inferior to assembly workability and productivity, and it 
is thought that practicality is low. Whenever [ breaking extension / of the direction of a machine and the 
direction of a right angle (cross direction) ] is 500% or more still more preferably 450% or more 
preferably 400% or more. Although a reason is not certain, if this elongation after fracture becomes 
400% or less, when carrying out pleating of this fine porosity film with a nonwoven fabric, it becomes 
easy to split in the direction of a machine. 

[0013] Moreover, if whenever [ breaking extension ] becomes 400% or less, by being in the inclination 
which the internal short circuit of a cell increases, and having moderate elongation crosswise at the time 
of cell assembly, although a reason is not certain, it will be hard to split in the direction of a machine, 
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and it will be thought that a hole cannot become large easily, the bubble point in ethyl alcohol - 
2kg/cm2 - 10kg/cm2 -- desirable -- 3kg/cm2 - 9kg/cm2 -- fiirther -- desirable -- 4kg/cm2 - 8kg/cm2 it is . 
The bubble point in ethyl alcohol is 2kg/cm2. Below, the aperture of the fine porosity film is large, and 
when it uses as a membrane filter, it worries about the leak of a bacillus, and when it uses especially for 
the separator of a lithium cell, it worries about generating of an internal short circuit. Moreover, the 
bubble point in ethyl alcohol is 10kg/cm2. Above, when the aperture of the fine porosity film is too 
small and uses as a membrane filter, permeability becomes small, filtration effectiveness is bad, and 
when it uses as a separator for cells, there is a possibility of causing the fall of the impregnating ability 
of the electrolytic solution. 

[0014] It is thought that the homogeneity of the internal resistance of a cell is required for reservation of 
safety, and in desiring fine porosity film homogeneous [ when using as a membrane filter ] in order to 
secure positive disinfection nature and using especially as a separator of a lithium cell, similarly, 
homogeneous fine porosity film is desired, and when the ratio of an average aperture and the maximum 
aperture becomes 1.6 or more, anxiety is in homogeneity. Preferably, it is 1.4 or less still more 
preferably 1.5 or less. 

[0015] Although especially thickness is not specified in this invention, the point of the dependability as 
a membrane filter and the dependability as a separator for cells to 15 micrometers - 60 micrometers are 
desirable. 20 micrometers - 50 micrometers are 25 micrometers - 45 micrometers still more preferably 
more preferably. When set to 15 micrometers or less, it is inferior to the filtration precision (the depth 
effectiveness) of the direction of thickness, and there are worries about an internal short circuit in the 
separator for cells. Since permeability falls as a membrane filter and internal resistance increases as a 
separator for cells in 60 micrometers or more, it is not desirable. 

[0016] It is the fine porosity film which has the three-dimensional network which the viscosity average 
molecular weight which this invention indicates becomes from 2 million or more ultra high molecular 
weight polyethylene. Air permeability 40% or more 450sec(s) / 100 cc or less, [ thickness ] [ 15 
micrometers - 60 micrometers and porosity ] The elastic modulus of the direction of a machine is 
4000kg/cm2. Whenever [ breaking extension / of the direction of a machine and the direction of a right 
angle ] above 400% or more, the bubble point in ethyl alcohol 2kg/cm2 - 10kg/cm2 it is - the 
homogeneous fine porosity film made from ultra high molecular weight polyethylene with which the 
ratio of an average aperture and the maximum aperture is characterized by being 1 .6 or less is the 
optimal as a separator for lithium cells. 

[0017] Furthermore, the configuration of the hole currently punctured on this fine porosity film front 
face is considered that an ellipse form is desirable. When it uses as a membrane filter, if puncturing of 
this fine porosity film front face is an ellipse form, it will compare circularly and it will be thought that it 
is hard to carry out blinding that a filtration life is long, 1.3 or more have the desirable ratio of the major 
axis and minor axis of this ellipse form, and, as for this, 1.5 or more are still more desirable. After 
viscosity average molecular weight fabricates the fine porosity film of this invention in the shape of a 
sheet, carrying out kneading / heating fusion of the mixture of 2 million or more ultra high molecular 
weight polyethylene, non-subtlety fine particles, and a plasticizer, In the manufacture approach of 
extract-removing, and drying non-subtlety fine particles and a plasticizer, respectively, extending only to 
1 shaft orientations, and obtaining the fine porosity film SP value of this plasticizer is manufactured by 
the manufacture approach that SP value is characterized by the amount of plasticizers of 7.5-8.4 being 
this 200% or less of polyethylene weight, using at least two kinds of mixed plasticizers of 7.5-8.4, and 
8.5-9.5. 

[0018] Moreover, in two or more kinds of only chosen mixed plasticizers, the fine porosity film which 
has a strong and moderate aperture is not obtained. Using two or more kinds of plasticizers which are 
indicated by this invention and which were chosen especially, by restricting at least one kind of amount 
of plasticizers, fabrication is easy and the homogeneous fine porosity film made from ultra high 
molecular weight polyethylene which fitted the membrane filter, the separator for cells, etc. with high 
intensity and a moderate aperture by extension of only 1 shaft orientations is obtained. Not only 
industrial production top economical efficiency is high, but since it has moderate elongation after 
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fracture crosswise (the direction of a right angle of the extension direction), that have a moderate 
aperture by extension of only 1 shaft orientations, and the high intensity fine porosity film is especially 
obtained in the extension direction has the description referred to as being hard to split in the direction 
of a machine. 

[0019] Polyethylene, a plasticizer, and non-subtlety fine particles are extracted and dried after mixing 
and shaping, and, specifically, it manufactures by extending further. As non-subtlety fine particles, fines 
silicic acid, a calcium silicate, aluminum silicate, a calcium carbonate, fines talc, etc. are raised. For 
example, after making the mixed presentation of polyethylene, non-subtlety fine particles, and a 
plasticizer into 10-40 % of the weight, 5 - 35 % of the weight, and 20 - 80 % of the weight, 
respectively and mixing with the usual mixers, such as a Henschel mixer, it kneads with melting 
kneading equipments, such as an extruder, and the obtained kneading object is fabricated in thickness of 
80 micrometers - 600 micrometers by extrusion molding etc. Furthermore, extract removal of the 
plasticizer is carried out using a solvent from this moldings, and after the extract solvent of non-subtlety 
fine particles extracts non-subtlety fine particles continuously, the fine porosity film excellent also in 
extension of only 1 shaft orientations is obtained. 

[0020] As a solvent of a plasticizer, common organic solvents, such as chlorine-based hydrocarbons, 
such as ketones, such as alcohols, such as a methanol and ethanol, an acetone, and MEK, and 1,1,1- 
trichloroethane, are used. SP value used for this invention is raised for straight mineral oil, such as a 
liquid paraffin and process oil, etc. as a plasticizer of 7.5-8.4. 

[0021] Moreover, SP value is raised for DBP, DOP, DNP, DBS, TBP, etc. as a plasticizer of 8.5-9.5. SP 
value is desirable 200% from 5% of polyethylene weight, and the amount of plasticizers of 7.5-8.4 is 
50% - 100% most preferably 35% to 100% still more preferably 15% to 150%. If this amount of 
plasticizers becomes 200% or more, at 5% or less, the fine porosity film which has a moderate aperture 
is not obtained, but manufacture is [ a moldability is bad and ] difficult. 

[0022] in order for the amount of this mixed plasticizer to have miscibility and a moderate aperture — 
this mixture (polyethylene, plasticizer, and inorganic pulverized coal) weight [ 50% of ] - it is 60% - 
120%o still more preferably 55% to 150%) preferably 180%). If the fine porosity film of an aperture with 
this amount of mixed plasticizers moderate at 50% or less is not obtained but becomes 180%) or more, 
the miscibility of polyethylene, a plasticizer, and inorganic pulverized coal will fall, and it will become 
difficult [ fabrication ]. 

[0023] Moreover, it is necessary to extend extension only to 1 shaft orientations. Although it is also 
possible to carry out biaxial stretching with a natural thing, there is a problem referred to as that 
moderate elongation after fracture is not obtained crosswise. 
[0024] 

[Example] Hereafter, although an example explains this invention, this invention is not limited to the 
following example. In addition, a measuring method is shown below. 

(1) It measured with the dial gage of the 1 micrometer of the thickness minimum graduations. 

(2) The sample of a porosity the angle of 10cm was started, the weight and thickness at the time of the 
weight and the bone dry at the time of the water of a sample were measured, and it asked from the 
bottom type. 

[0025] Porosity =(hole volume / fine porosity film volume) xlOO (%) 

Hole volume = ([wet weight g]-oven dry weight [g]) the consistency of /water [g/cm3] 

Fine porosity film volume = lOOx thickness [cm] 

(3) Bubble point ASTM The bubble point in ethanol was measured based on E-128-61. 

(4) Air permeability JIS Based on P-81 17, the time amount required by the marked-line graduations 0- 
1 00 was measured by the stopwatch using B mold gar rhe type Denso meter made from an Oriental 
energy machine. 

(5) Using the form autograph AG-A mold by elastic-modulus Shimazu, the magnitude of a test piece 
performed the tension test in the distance between chucks of 5mm, and speed-of-testing 200 mm/min by 
width-of-face [ of 10mm ] x die length of 100mm, and measured the elastic modulus. 

[0026] The cross section was computed by the thickness x film width measured by (1) term. 
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(6) Whenever [ **** breaking extension ], using the Shimazu form autograph AG-A mold, the 
magnitude of a test piece performed the tension test in the distance between chucks of 50mm, and speed- 
of-testing 200 mm/min by width-of-face [ of 10mm ] x die length of 100mm, calculated the amount of 
elongation from a chart to fracture, and computed by the bottom type. 

[0027] It is =(amount [mm] of elongation-50[mm] to fracture)/50[mm] xl00[%] whenever [ **** 
breaking extension ]. 

(7) Average aperture ASTM It asked by the half dry cleaning method based on F-3 16-70. 

(8) The maximum aperture ASTM According to E- 128-61, it computed from the bubble point in the 
inside of ethanol. 

(9) Using the viscosity-average-molecular-weight decalin, viscosity was measured with the UBEROZE 
mold viscosity mold at the measurement temperature of 135 degrees C, and viscosity average molecular 
weight was calculated by the formula of Chiang. 

[0028] 

[Example 1] 17 % of the weight of ultra high molecular weight polyethylene, 18 % of the weight of 
fines silicic acid, 50 % of the weight of dioctyl phthalates, and 15 % of the weight of liquid paraffins of 
viscosity average molecular weight 3 million were mixed with the Henschel mixer, and the mixture 
concerned was fabricated by the film manufacturing installation which attached the T die of 450mm 
width of face in phi30mm twin screw extruder with a thickness of 200 micrometers in the shape of film. 
[0029] The fabricated film was immersed for 10 minutes into 1,1,1-trichloroethane, after extracting 
dioctyl phthalate, it dried, it was immersed for 60 minutes into 60 more-degree C 25% caustic alkali of 
sodium, and after extracting fines silicic acid, it was dried. Furthermore, this fine porosity film was 
extended so that thickness might be set to 30 micrometers - 40 micrometers by the heated 125-degree C 
1 shaft roll drawing machine, and heat treatment was performed for 5 seconds under the 1 15-degree C 
ambient atmosphere. 

[0030] The property of the obtained fine porosity film is shown in Table 1 . 
[0031] 

[Example 2] It carried out like the example 1 except having used the ultra high molecular weight 
polyethylene of viscosity average molecular weight 2 million. The result is shown in Table 1 . 
[0032] 

[Example 3] It carried out like the example 1 except 35 % of the weight of dioctyl phthalates, and 30 % 

of the weight of liquid paraffins. The result is shown in Table 1 . 

[0033] 

[Example 4] It carried out like the example 1 except 57 % of the weight of dioctyl phthalates, and 8 % of 

the weight of liquid paraffins. The result is shown in Table 1. 

[0034] 

[Example 5] It carried out like the example 1 except having mixed 18 % of the weight of ultra high 
molecular weight polyethylene, 17 % of the weight of fines silicic acid, 48 % of the weight of dioctyl 
phthalates, and 1 7 % of the weight of liquid paraffins of viscosity average molecular weight 3 million 
with the Henschel mixer. The result is shown in Table 1 . 
[0035] 

[The example 1 of a comparison] Other than 30 % of the weight of dioctyl phthalates, and 35 % of the 
weight of liquid paraffins, although it was going to carry out like the example 1, the miscibility in a 
Henschel mixer was bad and did not result in fabrication. 
[0036] ' . 

[The example 2 of a comparison] It carried out like the example 1 except only the liquid paraffin having 

used 65 % of the weight as a plasticizer. The result is shown in Table 1 . 

[0037] 

[The example 3 of a comparison] Fabrication was not able to be carried out although it was going to 
carry out like the example 1 except only dioctyl phthalate having used 65 % of the weight as a 
plasticizer. 
[0038] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1/9/07 



JP,05-009332,A [DETAILED DESCRIPTION] 



Page 6 of 6 



[The example 4 of a comparison] As a plasticizer, other than having used the acetyl tree n-butyl 
phthalate of the SP value 10.0 [ about ], although it was going to carry out like the example 1, 
fabrication was not able to be carried out instead of dioctyl phthalate. 
[0039] 

[The example 5 of a comparison] As a plasticizer, other than having used the G n-octyl tetrahydro 
phthalate of the SP value 7.2 [ about ], although it was going to carry out like the example 1, fabrication 
was not able to be carried out instead of the liquid paraffin. 
[0040] 

[The example 6 of a comparison] It carried out like the example 1 except having extended to biaxial this 
fine porosity film heated by 125 degrees C 3 time x 3 times using the tenter. The result is shown in 



Table 1. 
[0041] 
[Table 1] 
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[0042] 

[Effect of the Invention] According to the above-mentioned configuration, the fine porosity film which 
has a moderate aperture with high intensity is obtained, and as reliable filtration film, especially as a 
membrane filter, it is especially homogeneous, workability and safety are high as a separator for 
nonaqueous electrolyte cells, and it can apply as a separator which is low internal resistance and has the 
uniform property of low internal resistance. 



[Translation done.] 
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PRIOR ART 



[Description of the Prior Art] The fine porosity film is used as the separator, a separator, a membrane 
filter for electrolytic capacitors, etc. for cells. The separator and the separator for electrolytic capacitors 
for cells are expected the strong and homogeneous fine porosity film from the point of the assembly 
workability of a cell and an electrolytic capacitor, and dependability, and the fine porosity film with 
small electric resistance is especially demanded of the separator for nonaqueous electrolyte cells, such as 
a lithium cell, homogeneously [ it is strong and ]. 

[0003] Moreover, the membrane filter is expected the strong and homogeneous fine porosity film with a 
moderate aperture. In order to manufacture the strong fine porosity film, in the approach of porosity- 
izing with resin and a solvent, how to use and extend the polyethylene of ultrahigh molecular weight can 
be considered. For example, although it is high intensity, since the diameter of an average through tube 
is small, when it is not not only suitable as a membrane filter which filters a lot of water, such as a water 
purifier, but uses as a separator for cells, the impregnating ability of the electrolytic solution is bad [ it is 
indicated by JP,60-24203,A, and ]. Moreover, a shaping sheet contracts sharply by plasticizer extract, 
and in order to have to carry out biaxial extension, at least, the elongation after fracture of an one 
direction is small, and is considered that the assembly workability of a cell is bad. 
[0004] Furthermore, in order to have used as a separator of a lithium cell since thickness was thin as 
indicated by JP, 60- 136 161, A, there was a problem from the point of safety. Moreover, although the 
manufacture approach of the fine porosity film with comparatively thick thickness which consists of 
ultra high molecular weight polyethylene is indicated by JP,63-273651,A, and it is high intensity 
similarly, a moderate aperture does not have, and permeability is small and it is not suitable as a 
membrane filter which processes a lot of water etc. 

[0005] As the manufacture approach of other fine porosity film, there is the approach of carrying out 
extract removal and porosity-izing a plasticizer or a plasticizer, and a bulking agent after the phase 
separation of the mixture which consists of resin, a plasticizer, and a bulking agent, for example, it is 
thought that it is thought that the fine porosity film formed according to a common procedure and a 
common ingredient has high electric resistance, namely, its transparency resistance of water etc. is also 
high, a moderate aperture does not have and it is not suitable at least as a membrane filter, and it is not 
suitable for a separator since electric resistance is high as it is indicated by the detail in the letter, 
although it is JP,55-165573,A. 

[0006] Furthermore, although there are JP,45-32097,B, JP,2-94356,A, etc., in any, viscosity average 
molecular weight is not indicated about the manufacture approach of 2 million or more fine porosity 
film made from ultrahigh molecular weight. This is because fabrication became difficult and 
manufacture of the fine porosity film was completed up by the general approach, as it became ultrahigh 
molecular weight. 

[0007] Moreover, if the fine porosity film which consists of mixture of ultra high molecular weight 
polyethylene and the amount polyethylene of giant molecules generally becomes mixture so that it may 
be compared by JP,60-242035,A and JP,3-105851,A, although JP,57-49629,A, JP,2-21559,A, etc. are 
indicated, fabrication nature will improve, but the strength of the fine porosity film is not a desirable 
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approach, in order to fall remarkably and to obtain the strong fine porosity film. 
[Translation done.] 
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* NOTICES * 

JPO and. INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] In the fine porosity film made from polyethylene of ultrahigh 
molecular weight, this invention person was high intensity, it has a moderate aperture, and found out the 
homogeneous fine porosity film and its manufacture approach, and completed this invention. Namely, 
this invention is fine porosity film which has the three-dimensional network which viscosity average 
molecular weight becomes from 2 million or more ultra high molecular weight polyethylene. For 
porosity, the elastic modulus of 40% or more, air permeability 450sec / 100 cc or less, and the direction 
of a machine is 4000kg/cm2. Above, a bubble point [ in / in whenever / breaking extension / of the 
direction of a machine, and the direction of a right angle / 400% or more and ethyl alcohol ] — 2kg/cm2 - 
10kg/cm2 it is — it is the homogeneous fine porosity film made from ultra high molecular weight 
polyethylene characterized by the ratio of an average aperture and the maximum aperture being 1 .6 or 
less. 

[0010] As polyethylene as used in the field of this invention, viscosity average molecular weight is 2 
million or more, and the copolymer of the crystalline homopolymer or ethylene which carried out the 
polymerization of the ethylene, and the propylene not more than 10 mol %, 1-butene, 4-methyl-l- 
pentene and 1-hexene is raised. Resin has the network structure in three dimensions, and a three- 
dimensional network means the structure where between the network structures of the resin forms the 
hole as a free passage hole. 

[001 1] When it uses as a separator for cells, as for porosity, it is desirable from a viewpoint of the 
impregnating ability of the electrolytic solution, and the internal resistance of a cell that it is 40% or 
more, and it is desirable that it is 50 more% or more. If porosity becomes 85% or more, the 
reinforcement of the fine porosity film will fall and handling top fault will be produced, air permeability 
~ 450sec / 100 cc or less ~ desirable — 300sec(s)/- 100 cc or less is 200sec(s) / 100 cc or less still more 
preferably. When the internal resistance of a cell becomes high too much, and a cell property is reduced, 
when air permeability uses as a separator for cells in 450sec(s) / 100 cc or more, and it uses as a 
membrane filter, filtration effectiveness becomes [ permeability ] low bad. 

[0012] the elastic modulus of the direction of a machine (longitudinal direction) — 4000kg/cm2 the 
above - desirable - 5000kg/cm2 the above - further ~ desirable ~ 6000kg/cm2 it is . It is 4000kg/cm2 
when it uses as a separator for cells. Below, it is inferior to assembly workability and productivity, and it 
is thought that practicality is low. Whenever [ breaking extension / of the direction of a machine and the 
direction of a right angle (cross direction) ] is 500% or more still more preferably 450% or more 
preferably 400% or more. Although a reason is not certain, if this elongation after fracture becomes 
400% or less, when carrying out pleating of this fine porosity film with a nonwoven fabric, it becomes 
easy to split in the direction of a machine. 

[0013] Moreover, if whenever [ breaking extension ] becomes 400% or less, by being in the inclination 
which the internal short circuit of a cell increases, and having moderate elongation crosswise at the time 
of cell assembly, although a reason is not certain, it will be hard to split in the direction of a machine, 
and it will be thought that a hole cannot become large easily, the bubble point in ethyl alcohol ~ 
2kg/cm2 - 10kg/cm2 - desirable ~ 3kg/cm2 - 9kg/cm2 - further - desirable - 4kg/cm2 - 8kg/cm2 it is . 
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The bubble point in ethyl alcohol is 2kg/cm2. Below, the aperture of the fine porosity film is large, and 
when it uses as a membrane filter, it worries about the leak of a bacillus, and when it uses especially for 
the separator of a lithium cell, it worries about generating of an internal short circuit. Moreover, the 
bubble point in ethyl alcohol is 10kg/cm2. Above, when the aperture of the fine porosity film is too 
small and uses as a membrane filter, permeability becomes small, filtration effectiveness is bad, and 
when it uses as a separator for cells, there is a possibility of causing the fall of the impregnating ability 
of the electrolytic solution. 

[0014] It is thought that the homogeneity of the internal resistance of a cell is required for reservation of 
safety, and in desiring fine porosity film homogeneous [ when using as a membrane filter ] in order to 
secure positive disinfection nature and using especially as a separator of a lithium cell, similarly, 
homogeneous fine porosity film is desired, and when the ratio of an average aperture and the maximum 
aperture becomes 1 .6 or more, anxiety is in homogeneity. Preferably, it is 1 A or less still more 
preferably 1.5 or less. 

[0015] Although especially thickness is not specified in this invention, the point of the dependability as 
a membrane filter and the dependability as a separator for cells to 15 micrometers - 60 micrometers are 
desirable. 20 micrometers - 50 micrometers are 25 micrometers - 45 micrometers still more preferably 
more preferably. When set to 15 micrometers or less, it is the filtration precision of the direction of 
thickness. 

[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EXAMPLE 



[Example] Hereafter, although an example explains this invention, this invention is not limited to the 
following example. In addition, a measuring method is shown below. 

(1) It measured with the dial gage of the 1 micrometer of the thickness minimum graduations. 

(2) The sample of a porosity the angle of 1 Ocm was started, the weight and thickness at the time of the 
weight and the bone dry at the time of the water of a sample were measured, and it asked from the 
bottom type. 

[0025] Porosity =(hole volume / fine porosity film volume) xlOO (%) 

Hole volume = ([wet weight g]-oven dry weight [g]) the consistency of /water [g/cm3] 

Fine porosity film volume = lOOx thickness [cm] 

(3) Bubble point ASTM The bubble point in ethanol was measured based on E- 128-61. 

(4) Air permeability JIS Based on P-81 17, the time amount required by the marked-line graduations 0- 
1 00 was measured by the stopwatch using B mold gar rhe type Denso meter made from an Oriental 
energy machine. 

(5) Using the form autograph AG-A mold by elastic-modulus Shimazu, the magnitude of a test piece 
performed the tension test in the distance between chucks of 5mm, and speed-of-testing 200 mm/min by 
width-of-face [ of 10mm ] x die length of 100mm, and measured the elastic modulus. 

[0026] The cross section was computed by the thickness x film width measured by (1) term. 

(6) Whenever { **** breaking extension ], using the Shimazu form autograph AG-A mold, the 
magnitude of a test piece performed the tension test in the distance between chucks of 50mm, and speed- 
of-testing 200 mm/min by width-of-face [ of 10mm ] x die length of 100mm, calculated the amount of 
elongation from a chart to fracture, and computed by the bottom type. 

[0027] It is =(amount [mm] of elongation-50[mm] to fracture)/50[mm] xl00[%] whenever [ **** 
breaking extension ]. 

(7) Average aperture ASTM It asked by the half dry cleaning method based on F-3 16-70. 

(8) The maximum aperture ASTM According to E- 128-61, it computed from the bubble point in the 
inside of ethanol. 

(9) Using the viscosity-average-molecular-weight decalin, viscosity was measured with the UBEROZE 
mold viscosity mold at the measurement temperature of 135 degrees C, and viscosity average molecular 
weight was calculated by the formula of Chiang. 

[0028] 

[Example 1] 17 % of the weight of ultra high molecular weight polyethylene, 18 % of the weight of 
fines silicic acid, 50 % of the weight of dioctyl phthalates, and 15 % of the weight of liquid paraffins of 
viscosity average molecular weight 3 million were mixed with the Henschel mixer, and the mixture 
concerned was fabricated by the film manufacturing installation which attached the T die of 450mm 
width of face in phi30mm twin screw extruder with a thickness of 200 micrometers in the shape of film. 
[0029] The fabricated film was immersed for 10 minutes into 1,1,1 -trichloroethane, after extracting 
dioctyl phthalate, it dried, it was immersed for 60 minutes into 60 more-degree C 25% caustic alkali of 
sodium, and after extracting fines silicic acid, it was dried. Furthermore, this fine porosity film was 
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extended so that thickness might be set to 30 micrometers - 40 micrometers by the heated 125-degree C 
1 shaft roll drawing machine, and heat treatment was performed for 5 seconds under the 1 15-degree C 
ambient atmosphere. 

[0030] The property of the obtained fine porosity film is shown in Table 1 . 
[0031] 

[Example 2] It carried out like the example 1 except having used the ultra high molecular weight 
polyethylene of viscosity average molecular weight 2 million. The result is shown in Table 1. 
[0032] 

[Example 3] It carried out like the example 1 except 35 % of the weight of dioctyl phthalates, and 30 % 

of the weight of liquid paraffins. The result is shown in Table 1 . 

[0033] 

[Example 4] It carried out like the example 1 except 57 % of the weight of dioctyl phthalates, and 8 % of 

the weight of liquid paraffins. The result is shown in Table 1. 

[0034] 

[Example 5] It carried out like the example 1 except having mixed 18 % of the weight of ultra high 
molecular weight polyethylene, 17 % of the weight of fines silicic acid, 48 % of the weight of dioctyl 
phthalates, and 17 % of the weight of liquid paraffins of viscosity average molecular weight 3 million 
with the Henschel mixer. The result is shown in Table 1 . 
[0035] 

[The example 1 of a comparison] Other than 30 % of the weight of dioctyl phthalates, and 35 % of the 
weight of liquid paraffins, although it was going to carry out like the example 1, the miscibility in a 
Henschel mixer was bad and did not result in fabrication. 
[0036] 

[The example 2 of a comparison] It carried out like the example 1 except only the liquid paraffin having 

used 65 % of the weight as a plasticizer. The result is shown in Table 1 . 

[0037] 

[The example 3 of a comparison] Fabrication was not able to be carried out although it was going to 
carry out like the example 1 except only dioctyl phthalate having used 65 % of the weight as a 
plasticizer. 
[0038] 

[The example 4 of a comparison] As a plasticizer, other than having used the acetyl tree n-butyl 
phthalate of the SP value 10.0 [ about ], although it was going to carry out like the example 1, 
fabrication was not able to be carried out instead of dioctyl phthalate. 
[0039] 

[The example 5 of a comparison] As a plasticizer, other than having used the G n-octyl tetrahydro 
phthalate of the SP value 7.2 [ about ], although it was going to carry out like the example 1, fabrication 
was not able to be carried out instead of the liquid paraffin. 
[0040] 

[The example 6 of a comparison] It carried out like the example 1 except having extended to biaxial this 
fine porosity film heated by 125 degrees C 3 time x 3 times using the tenter. The result is shown in 
Table 1. 
[0041] 
[Table 1] 
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£ns«= (if/KSfi [g] -wmm. [g] ) /**> 

?SfS[g/cm3] 

mmmm= 1 o o xagu [ c m ] 

(3) KfM&ivY 

ASTM E-l 2 8-6 lfcJgailU x?y-/l^ftf> 
>]»*»£ I*. 

j i s p - 8 1 1 7 izm&t. mmmmem^-^ 

( 5 ) ®tt* 

ga£a3^M**-)^77AG-AM£fflvvt. set* 

frO^S^'flU OmmXlJ 10 0mmtft7?SI 
|®£5mm. 3l3fia£2 0 0 mm/mi nlCtJV^BS 

[0 02 6] Bfflo«tt. ( 1 ) S-CSl^LfcKffxIgg 

( 6 ) 9l3B«cBrMij£ 

m#M<r>m&*-Y?77AG-Am£m^x. mi 

tf"tf)*£3a*(Bl OmmX^J 1 0 0mmX1~-Yv?fSl 
iSM5 0min. Btim%2 0 0 mm/mi nfci>^T3l 

[0027] 5l5HKBfffS= (KBttTOttt^l; [m 
m] -5 0 [mm] ) /5 0 [mm] xl 00 [%] 

( 7 ) 

ASTM F-3 16-7 0tCJflJ»L^N-7K7'fffi 

(8) WckOM 

ASTM E-l 28-6 lfcJptT. 3-9 J—iWX 
<r»V)VXA y Y i *) fit* Uc. 

(9) fiiST%^S 

7**yy*«v\ ai^iasi 3 5x:-C"7^o— fe^iiSis 

Mfci OttSSraS^t . C h i a n gcO^ti OffiS¥ 
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[0028] 

imam 1 1 ttjgTOH~»3 o oTjommfrm**) 

AiSS^g-C5§ 200/x mWiltftJft^ ttz . 
[00 29] j&B&h£Rfci~ 1.1. 1-MJ70/W 
x?y(ffclO#ISIiiSU y*7f;k7?i/-hSi 
iBUfc«»aiU 2A>tC6 0X:c02 5%W/-r4'fc 

*>t. K8fc£?UI£ 1 2 5r<0Mfc3ftfc-»o-;Hi 

ff&fci 9K@#3 0//m~~4 0 u miZtch «k 0 fcSff 
U 1 15"C<?)#HmTT'5»ra^a^ffo3t. 

[0030] #£*l*«£?lJI?>!Btt£^ 1 

[0031] 

[HIS0I2 ] ttS¥i^H i «2 o ounmmi-mxv 

«0fe*5r*lfe^-r. 
[0032] 

[HSfctfB] vJi-^^7^W-h3 5aft%. aoi" 

57-f>-3oa*%twi. njswiifcHatffo^. 
^cotss^it^-r. 

[0033] 

[Htte!4] V3r^f-;i'7^p—h5 7aa%. sesmn- 

[00 34] 

[nts^5 ] ttjg^i^JH^as o 07j«ea}H*^'j 
1 8a*%fcg^ei 7Mxt^f* 

7 h 4 8ttl%atX»N'77 -f y 1 7M%£ 
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[0035] 

[JfclRWl 1 x^-^f-^7^l^-h30fift%» SEB^ 
[0036] 

ltiMm2 ] "IllPlt LT»t57 -f ><D*6 5MA 
10 %*JflVxfc8Wi. HteMlf:H«fcffo^. 

[0037] 

[JOSH 3] -aimit LXiS*7W7?\s-h<r>X-6 

5mM%zm^tiim\i. mjmitmmizm&LXd 

[0038] 

*>9C. SPffigjlO. OcOT-bf-^ ■ hU-n-^f- 

20 J: o b Lfc#. BKJgftll-C^^o^. 
[0039] 

[itt£0!5]TTOJi:LT. SSS^? 4 ^tftftbO 
fc. SP1*(|7. 2»^-n-^?f^h7tKP7 

[0040] 

[ifc«^i6 ] 1 2 5t:tji^3^Sia^7US&xy^ 

-^fflV^T2HC3fgx3fggffbfcBlW±. £ttffll 

30 [0041] 
[|£1 ] 



(6) f$|SH i 5-9332 

1 0 







SSI* 

(say 


M 0 

mm 
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Oca/a*) 
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71* Cat >** 


(xm) 




72 
hi 


180 


8000 


480 


6.1 


1.5 


34 




72 




7600 


500 


6.0 


1.5 


40 




65 


170 


8000 


500 


7.8 


1.5 


36 




70 


170 




500 


5.9 


1.5 


40 




uo 






510 


6.0 


1.5 


32 





























lO.OBLt 






















































UJKW6 








300 
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